
II

UNITE STATES ARMY
ENVIRONMENTAL NYVWENE

AGENCY

ABEISEEN PUVJINS SINN WI Z1US

- ~ jUBCHRONIC.4NHALATION 4XIC

.~PA -ANAS-3-(2,2jkIC ItROETH, pvtLT
-2,-DIEI'YLYCLOPRPAECARBOXYLATE VERMETHRIN)

MAY-DECEMBER 17

____ 
DTIC
ELEC lh'l~
MAY 14 1980:

= -- A

Approved for aublic rI asei1 distribution unl imited.



11 - -0 1!1 - _ ,' _ _ _ _ - - 1. 1 . - -.- II I ý1 - -;-ý -- , f... ....

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE rbMen Date gNtee00

REPO R 'IPORT DOCUMENTATION F*AGt D IN~UC~I

75-51-ýO(26-80 XOTA .RCPENSC~LGMME

4. TfITLE (ind SubtIIle) S.TYPE OF REPORT & PUP400 COVEREil

_Z' Subchronlc Inhaiattlon Toxicity of 3-(Phenoxy henyl)
Methyl T'I' r'ans-3-(2,2-Dlchloroethenyl -2, Fnl ~vD~~r.jL...
2-i~hlvýlpronabxlt (Permetrh S. PERFORMING ONG. REPORT HUMMER

Study No. 75751-0026-80, May-December 1978 ________

7. AUTHOR(*) S. CONTRACT OR GRANT WNDiU~e

LEROY W. METKER

Sl . PERFORMING ORGANIZATION NAME AND ADDRESS I PROGRAM 6LENI.POCT TASK
AREA AWORK"UN"I TINHUNVERO~S

US Army Environmental Hygiene Agency
Aberdeen Proving Ground, MD 21010
II. CONTROLLING OFFICE NAME AND ADORE35 12. REPORT DATE

Conmmander May-Decentber 1978
US Army Health Services lCommand III. NUMBER OF PACES

~Y~OXINY AM &ADORESSliff ddlonat fhow Contme*19n5 Office) IS. SECURITY CLASS. (of Otis report)

Unclassified
Ise..E ASIiCATION/ DOWN GRAOIMG

IS. DISTRIBUTION STATEMENT (of this Aspect) 4

Approved for public release; distribution unlimited.

* 17. DISTRIOUTION STATEMENT (of the abetract entered In black it ~ dtfftennt from Aoe-~re)

14. SUPPI-EMENTARY NOTES

1S. KEy WORDS (Continue an ,evoroo side it nevesomy and Identify by block rnumber)

permethrin
3-(Phenoxyphenyl) Methyl (+)-Cis, Trans-3-(2,2-Dich'loroethenyl)-2,2-Dimethylcyclc

1' *p;-opanecariboxyl ate - Al 3-2T158 beaglea dogs
inhalation toxicology ~uinea pIgsto.
enzyme induction_______

2.AWSTRACI (Cbft0A on re eva id IV 6#'W iewi W WR

Ohe inhulation toxicirty ofxpenlaehy 4~ s, tranis-3-(2,2-
dlchlorcetheniyl )-2 ,2-dimiethylcycloprb~atcarboxyl ate TPermethrln) A13-29158 was
determined in rats, beagle dogs, and guinea s. They were exposed to the
aerosolized test Tateria1 6 hours per -Jay for 1weeks at concentrations of 500,
250, and 125 mg/m4O. The aerosolized technical qra~ material produced tremors
and convulsions in Sprague-Dawley rats at the 5600 mgN 3 concentration. These
toxic reactions disappeatred by the second week of the study and were not observe
in the other test animals. No grozs or micr~oscopic campound.-related Rathological_

JAN 7~n14l ETOOIOOIOS.ET Unclassified
SECcUNTY Cl-ASSIFICATION OF THIS PASIECU11ftn,~eUftiu



0-141r SE-ved in the three c e .Oxygen consumption was mo~nitored ir
the rats. No ditfer'ences frong ca co tro wet" foi~md in any test group; urini

metabolite studies IndlcataI6 tha the, tori is rapidly metabolized and ex-
creted. Enzyme induction at s rurr i n post. posure male rats indicated that
the gropap exposed to 500 mg/ hhad induction o liver enzymes. No pe-manent
changes were observed in dogs, rats'or guinea p gs as a result of r-,peated ex-
posures to, aerosols of Permethrin for 6 hours p day, 5 days per week for 13
weeks at concentrations of 500, 2)704, and 125 mg/

Ninety-day subchronic inhalatiorVjtudles in three speties resulted in a no

effect concentration of 125 g$,

Il C .I l

1; iwju Yeed

iIn b iI J tY- Cdea

Avail awld/or

Uri Il Ktsif

564--PW -LAS5 PC AIOVOF THIS PAGO(Whien Data Bnt~rod)



DEPARTMENT OF THE ARMY Mr. Metker/pj/584-3980
U. S. AI I ENVI RONMINTAL HYGIENE MENCY

- E&W.JU ABERDEEN PROVING GROUND. MARYLAND 233

HSE-LT/WP 21 APR

SUBJECT: Subchronic Inhalation Toxicity of 3-(Phenoxyphenyl) Methyl (+)-Cis,
Trans-3- (2,2-Dichloroethenyl)-2,2-Dimethylcyclopropanecarbox late
(Permethrin), Study No. 75-51-0026-80, May-December 1978

Executive Secretary
Armed Forces Pest Management Board
Forest Glen Section
Walter Reed Army Medical Center
Washington, DC 20012

A summary of the pertinent findings and reconmendatlons of the inclosed
report follows:

a. The inhalation toxicity of 3-(phenoxyphenyl) methyl (+)-cis, trans-3-
(2,2-dichloroethenyl )-2,2-dimethyl cyclopropanecarboxyl ate (PeT-methrin)
A13-29158 was determined in three species of laboratory animals. Rats,
beagle dogs, and guinea pigs were exposed to the aerosolized test mattrial 6
hours per day for 13 weeks at concentrations of 500, 250 and 125 mg/miw. The
aerosolized technical grade material produced tremors and convulsions in
Sprague Dawley rats at the 500 mg/nva concentration. These toxic reactions
disappeared by the second week of the study and were not observed in the
other test animals. No gross or microscopic compound-related pathological
changes were observed in the three species. Pulmonary function, clinical
chemistries and blood counts were unchanged in the beagle dogs. Oxygen
consumption was monitored in the rats throughout the exposure series to
assess overall metabolic rate; no differences from cage controls were found
in any test group; urine metabolite studies indicated that the material is
rapidly metabolized and excreted. Enzyme induction studies run in
postexposure male rats indicated that the group exposed to 500 mg/m 3 had
induction of liver enzymes, though this effect was not statistically
significant at 30 days postexposure or at the lower concentrations tested.
No permanent changes were observed in dogs, rats or guinea pigs as a result
of repeated exposures to aerosols of Permethrin for 6 hours per day, 5 days
per week for 13 weeks at concentrations of 500, 250, and 125 mg/m 3 .

b. Ninety-day subchronic inhalation studies in three species resulted in
a no effect concentration of 125 mg/m3. Based on the results of the
inhalation studies and the above considerations, it is recommended that
A13-29158 (Permethrin) be approved for further testing and evaluation as a
space repellent.

FOR THE COMMANDER:

SIncl U A
as MAJ. MSC

Director, Laboratory Services

CF:
HQDA (DASG-PSP)
Cdr, HSC (HSPA-P)
Supt, AHS (HSA-IPM)
USDA, ARS, Southern Region
Dir. Advisory Ctr on Tox, NRC



t DEPARTMENT 0F THE ARMY
U. S. ARMY ENVIRONMENTAL HYGIENE AGENCY

ABEROEEN PROVING GROUND. MARYLAND 11010

HSE-LT/WP

SUBCI4RONIC INHALATION TOXICITY
OF 3-(PHENOXYPHENYL) METHYL (+)-CIS,

IRANS-3- (2,2-DICHLOROETHERYL)
-2,2-DIMETHYLCYCLOPROPANECARBOXYLATE (PERMETHR IN)

STUDY NO. 75-51-0026-80
* MAY-DECEMBER 1978

1. AUTHORITY.

a. Memorandwia of Understanding between the Department of the Army;
Office of The Surgeon General; the US Army Health Services Command; the US
Army Environmental Hygiene Agency; the Armed Forces Pest Control Board; and
the US Department of Agriculture, effective December 1970 with ýmendment No.
1, effective August 1974.

b. Letter, AFPCB, Armed Forces Pest Control Board, 21 October 1975,
subject: Request for Toxicological Evaluation.

c. Letter, AFPCB, Armed Forces Pest Control Board, 5 April 1977,
subject: Request for Toxicological Evaluation.

2. REFERENCES.

a. Interim Report, HSE-LT, this Agency, 16 August 1976, Preliminary
Assessment of Relative Toxicity of Candidate Insect Repellent AI3-29158,
3-phenoxybenzyl cis, trans 2,2-dimethyl-3-(2,2-dichlorovinyl) cyclopro-
panecarboxylate, Study No. 51-031-76, December 1975-April 1976.

b. Report, HSE-LT/WP, this Agency, 2 December 1977, Toxicological
Evaluation of 3-(phenoxyphenyl) methyl (+)-cis, trans-3-(2,2-dichloro-
ethenyl )-2,2-dimethylcyclopropdne carboxyl ate (Permethrln). Study No.
51-0831-78, December 1975-April 1977 (ADA 047284).

c. Report, HSE-LR-B, this Agency, 24 January 1979, Determination of
Urine Metabolite Levels Following Inhalation of the Insecticide Permethrin in
Rats, Study No. 75-53-0053-79, May-August 1978.

d. Toxicology Division Procedural Guide, USAEHA, 1979.

Use of trademarked/company names does not imply endorse-

ment by the US Army, but is Intented only to assist in

identification of a specific compound or Instrument.



Study No. 75-51-0026-80, May-Dec 78

3. PURPOSE. The purpose of this study was to determine the inhalation
toxicity of Pennethrin in rats, dogs, and guinea pigs exposed to the
aerosolized test compound for a 13-week period. The information from these
studies provides a basis for advising the AFPMB on the potential hazards
associated with the use of this compound, in accordance with the provisions
of the Menorandum of Understatiding (reference paragraph la).

4. BACKGROUND. Permethrin, (C21H20 Cl2O3 , SBP-1513, NIDC 143, FMC 33297,
A13-29158) a synthetic pyrethroid, Is an amber liquid with a specific gravity
of 1.20, melting point 35*C, boiling-point 2206C and is soluble in, or
miscible with, most organic solvents. The test material used in this study
was provided by S. B. Penick & Co., Orange, NJ, as SBP-1513*, Lot No. RAX-6.
The material was identified as Permethrin by the Environmental Chemistry
Division using gas chromatography (flame ionization detector). Infrared
spectra were also obtained for the compound (Appendix A). The material used
had a stated purity of 92.66 percent and a cis/trans ratio of 60/40. The
structural formula of this material is shown below.

C1 C1 JN
0

PERMETHRIN

*SBP-1513 is a product designation of CPC International Inc., S. B. Penick
Co., 100 Church St., New York, NY 10007.

2



Study No. 75-51-0026-80, May-Dec 78

5. PROCEDURES.

a. Materials and Methods. Evaluation of the subchronic Inhalation
toxicity of Permethrin was conducted by USAEHA using male Hartley guinea
pigs, male and female Sprague Dawley rats and male and female beagle dogs.
The beagle dogs were purchased from Laboratory Research Enterprises,
Kalamazoo, MI; the guinea pigs from Marland Breeding Farms Inc., Hewitt, NJ;
and the rats were selected from our own breeding colonies. All animals were
maintained on commercially prepared feeds for the duration of the study.
Food and water were given ad libitum and the caging facilities were
maintained in a 12-hour light-dark sequence. Exposed and control animals
were deprived of food and water during the exposure periods. Ambient
conditions were 246C +20 and 45-55 percent relative humidity. The 13-week
inhalation exposures were conducted using 1000 and 2000 liter dynamic flow
chambers. The compound was held In glass reservoirs heated to 500C and
aerosolized using Collison nebulizers with dried compressed air at 40 psi.
All chambers were sampled at 1-, 3- and 5-hour intervals daily to determine
compound concentrations. The three species of laboratory animals were
exposed 5 days per week, 6 hours per day for 13 weeks. Male and female rats
and dogs and male guinea pigs were observed for development of abnormal signs
both during and after exposure. Male guinea pigs were challenged intrader-
mally at the conclusion of the exposure series to determine whether a
sensitization reaction cculd be elicited. Male and female beagle dogs were
tested for pulmonary function before the 13-week exposure and blood was drawn
weekly for determination of blood chemistries and hematology. At the
conclusion of the 13-week exposure, half of the exposed rats were euthanized
and submitted for histopathological examinetlon; the remaining rats were held
for an additional 90 days prior to submission for histopathologic examina-
tion. The beagle dogs were again tested for pulmonary function at the
conclusion of the exposure series, euthanized and submitted for histopathol-
ogy. The male guinea pigs were rested for 14 days at the conclusion of the
test, retested for sensitization, and then submitted for necropsy. Selected
male rats were tested for oxygen consumption before, during and after the
13-week exposure series.

b. Analytical Procedures.

(1) Biochemical Parameters. Serum clinical chemistries were
determined in dogs using the Abbott Bichromatic Analyzer 100 (ABA-100),
Abbott Diagnostics, South Pasadena, CA. Red blood cell and plasma
cholinesterase activities were determined using the Technicon Autoanalyzer I
System, Technicon Corporation, Tarrytown, NY. The Instrumentation Laboratory
Flame Photometer Model 143, Instrumentation Laboratory, Inc., Lexington, MA,
was used in analyzing for sodium and potassium.

I3
A"



Study No. 75-51-0026-80, May-Dec 78

(2) Urine Metabolite Determination.

(a) During the 13th and final week of testing, urine samples were
collected daily from four male rats at each exposure concentration. Samples
were collected overnight from the end of the exposure period until the animal
returned to the exposure chamber the following day (approximately 16 hours)
and for 2 days postexposure. U~rine volumes were determined and then analyzed
for the presence of 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylic
acid (ClVA). Excreted almost exclusively as the glucuronide and sulfate
esters, this metabolite is k own to appear rapidly in the urine of animals
receiving Permethrin orally.

(b) Analysis of th2 samples for ClVA was by the unpublished method
of Cridland and Weatherley. The method involves enzymatic hydrolysis of the
Permethrin metabolite, followed by esterification with methanolic boron
trifluoride and subsequent analysis of the final product by gas chromatog-
raphy. Standardization was accomplished using a sample of C1VA generously
provided by Dr. James Hubbell of Burroughs-Wellcnme Co.

(3) Chainber Concentrations. Ten liter air samples were collected
with glass fiber filters followed in series by two midget impingers
containing nanograde toluene. A known amount of the internal standard
(dioctyl phthalate in hexane) was added to all samples and mixed thoroughly.
An aliquot of each of the sample solutions was injected into a Perkin Elmer
3920 gas chromatograph equipped with a flame ionization detector. The
instrument was fitted with a 6-ft x 1/8-in stainless steel column packed with
Chromosorbg) W AWI DMCS 80/100 mesh coated with 10 percent UCW 98. The
operating parameters were: oven temperature 280C; inlet temperature 3000C,
attenuation 8x10, carrier gas N2 ; column flow rate 40 cc/min; H2 flow 50 cc/min;
air flow 550 cc/min. The retention time for dioctyl phthalate was 3.57 min
while the retention time of Permethrin was 4.97 min. Peak integrations were
calculated using a Hewlett Packard 3352A Laboratory Data System.

C. Physiological Measurements.

(1) Oxygen consumption was monitored in selected groups of male rats
using a Collins small animal environmiental chamber Model P-2500K and a
1-liter spirometer Model P-2402, Warren E. Collins, Inc. Braintree, MA.

1 Gaughan, L. C., T. Unai, and J. E. Casida, "Permethrin Metabolisnm in Rats""
J Agri Food Chem, 25:9 (1977).
2 Cridland, J. S., and B. C. Weatherley, Wellcome Internal Report 77-2,
Wellcome Research Laboratories, Beckenham, England (1977).
® Chromasorb 'is registered tradename of Johns Manville, Inc., Denver, CO.

4
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(2) Pulmonary function testing was performed on the beagle dogs
before and after the exposure series and was accomplished in the following
manner: dogs were anesthetized with Blo-Talf (Thiamylal sodium), 4.0
percent, by intravenous injection to effect through a pediatric catheter
secured in the cephalic vein. A cuffed endotracheal tube was inserted in the
trachea and the distal end connected to a Fleisch pneumotachometer for the
me.asurement of airflow. Intrapleural pressure was measured by means of an
esophageal balloon. Transpulmonary pressure (the difference between
esophageal pressure, and airway pressure derived from a lateral tap at the
distal end of the endotracheal tube) was used for all calculations. Both
flow and pressure signals were processed in a Buxco Electronics, Inc.,
Pulmonary Function Computer and the following parameters were recorded on a
Honeywell Model 1858 Fiber Optic Recorder: flow, tidal volume, transpulmo-
nary pressure, compliance and resistance. These parameters were measured
dynamically on a breath-to-breath basis and averaged every fifth breath.

d. Histopathology. A complete necropsy was perfnrled on all animals
that died or became moribund during the test and on all euthanized animals.
The following tissues were taken from each animal and fixed in 10-percent
neutral buffered formalin: brain, lungs, heart, liver, kidneys, spleen,
eyes, bone marrow, trachea, nasal turbinates, thymus, stomach, small
intestine, large intestine, pancreas, adrenal glands, urinary bladder,
testes, skin, skeletal muscle, and bone. The lungs were infused with
fomalin and then submerged in the solution for completion of fixation.
Sections were prepared from the organs and Lissues taken at necropsy, stained
with hematoxylin and eosin and examined by light •lcroscopy. Sciatic nerves
from selected animals were stained with Luxol Fast Blue myelin stain to
assess myelin sheath integrity.

e. Rangefinding Studies. Determination of LC5 0 (4 hours):

(1) Initial rangefirding studies were run using Sprague Dawley rats.
The rats (10 male and 10 female, 175-225 g) were exposed in a 200-liter
dynamic flow chamber for 4 hours. The compound was held at 50C and
aerosolized with a Collison nebulizer at 40 psi air. A total of 100 rats (20
per concentration level) were exposed at five different concentrations.
Results of a Bliss analysis of the data yielded a combined LC5 for both
males and females of 1.672 0/In 95 percent CL ranging from 1.443 g/W to
1.938 9/n 3.

D Bio-Tal is a product of Bio-Ceutic Laboratories, Inc., St Joseph, MG
64502.

r 5



Study No. 75-51-0026-80, May-Dec 78

(2) Concentrations used in the 13-week study vrar based on the LCS 0
data and selected at 500, 250 and 125 mg/r 3 .

6. RESULTS.

a. Ninety Day Subchronic Study. No compound-related deaths were seen in
any of the three species tested over the 13-week test series. Severe Irmors
and convulsions were noted in the male and female rats at the 500 mg/n
concentration level but these signs disapoeared by the second week of
exposure. The heagle dogs and guinea pigs did not show any toxic signs
during the 13-week exposure.

b. Body Weight and Organ-to-Body Weight Ratios.

(1) Weekly body weights of the beagle dogs showed a progressive
weight gain throughout the exposure period; grouped data indicated no
significant differencer between control and exposed groups at the pm>0.O5
level of significance. O•gan-to-body weight ratios at the time of necropsy
indicated no significant differences in any test group. These data are shown
in Table 1. Similarly, guinea pig growth rates showed no exposure-related
effects as shown in Table 2.

(2) The rats were divided into two groups, the first necropsied
It.nediately after the exposure series and the second group held for an
additional 90-day period before necropsy. The body weights and organ-to-body
weight ratios of the rats are shown in Tables 3 and 4. There were no
consistent compound-related effects on body or organ weight parameters in any
animal s tested.

c. Sensitization Reactions. The guinea pigs used in the study were held
for 14 days after the last exposure day and theA challenged with Permethrtn,
3.0 percent in propylene glycol. Intradermal injections of 0.05 ml were
administered to see whether a sensitization reaction could be elicited.
Readings were taken at 24 and 48 hours and no sensitization reaction was seen
in any test animal at any of the exposure concentrations tested.

d. Clinical Chemistries and Hematology. Blood samples were drawn from
the beagle dogs weekly and the following clinical chemistry parameters were
run: calcium, sodium, potassium, SGOT, SGPT, GGTP, alkaline phosphatase, BUN
cholesterol, triglycerides, LOH, glucose, total protein and bilirubin. No
compound-related, statistically significant changes were noted in any of the
above paraneters as a result of the 13-week inhalation exposure; the results
are presented in Tables 5 through 11. Hematological values were also within
the normal range during the entire study and are shown in Tables 12, 13 and
14.

6(
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Study No. 75-51-0026-80, May-Dec 78

e. Pulmonary Function Tests. Pulmonary function data consisted of five
parameters: Tidal Volume, Minute Volume, Transpulmonary Pressure, Compliance
and Resistance. The bigae dogs showed great variability in their individual
measured values but all fell within reported limits. 3 Post exposure measurements
were not statistically different from preexposure values and are shown in
Table 15. There is, however, a definite trend toward lower compliance and
higher resistance in the exposed groups. The significance of this finding is
complicated by the incidence and severity of pneumonia in these animels as
shown in Appendices E-3 and E-4.

f. Oxygen Consumption Studies. A selected group of five male rats from
each exposure group were monttw-ed for oxygen consumption as a means of
determining their overall metabolic state during exposure to Permethrin.
Each group of five rats was tested for a 15-minute period prior to exposure
and immediately post exposure on the Monday and Friday of each week during
the 13-week exposure. Oxygen consumption was consistent for the four groups
tested and no significant differences were detected between control and test
groups. Results of the study as presented in Figure 1 indicate a gradual
decrease in oxygen consumption as the animals aged but this is similar for
all four groups. Each data point plotted represents the weekly mean value of
the group and is expressed in milliliters of oxygen per kilogram per day.
Results of this study indicate that the rats' metabolism as judged by oxygen.
consumption was normal throughout the study and was unaffected by the
inhalation of the Pennethrin aerosol.

g Urine Metatolite Studies. The pattern of metabolite excretion
indicates that the rat has an extremely efficient mechanism for metabolizing
this compound. Results cf the study are shown in Figure 2. It is apparent
from the plot that the levels of metabolite rise as the weekly exposure
continues and tail off very rapidly whep exposure is tenninated. It is
obvious from the plot that the 500 mg/nW concentration produced urine
metabolite levels three to four times as great as the lower concentrations.
A surprising observation was thai the animals receiving the lower exposure
concentrations (250 and 125 mg/min) produced metabolite levels that were
nearly Identical. The dramatic decrease in metabolites during the first 48
hours post exposure and the similarity of the plots for all three
concentrations denmonstrate that a very efficient mechanism exists for the
metabolism of this material. This conclusion is further supported by the
recent isolation purification and characterization of the enzyme pyrethroid
carboxyesterase from rat liver microsomes. 4 This enzyme is responsible for
in vivo metabolism of esters of chrysanthemic acid such as Penmethrln.

3Altman, P. L. and Ditttmer, D. S., "Handbook of Respiration and Circulation,"
95, 1970, FASEB, Bethesda, MD.

Suzuki, T., and J. Mlyamcto, "Purification and properties of pyrethroid
carboxyesterase in rat liver microsomes," Pesticide Blochemistay. and
Physiology, 8:186 (1979).
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h. Enzyme Induction Studies. At the conclusion of the 13-week exposure,
10 male rats from each exposure level were tested for enzyme induction. The
method employed was a measure of hexobarbital induced sleeping times. All
animals were injected intraperitoneally with hexobarbital 220 mg/kg.
Sleeping times of the rats were recorded and each exposure group compared to
the 10 controls. This study was rerun using the same animals 30 days post
exposure. The results are shown in Table 16 and indicate that the group
exposed to 500 mg/m 3 of Permethrin had shortened sleeping times, indicating
induction of nonspecific liver enzymes, though the effect is not
statistically significant at 30 days post exposure or at the lwer
concent rati ons.J

i. Particle Characterization. A total particle size count was made of
the aerosols generated usingTeflonocoated slides and a light microscope
fitted with a Porton graticule. The slides were affixed to an 18-inch rod
and inserted to the center of the exposure chamber for 30 seconds. Slides
were withdrawn and particles counted and sized from random sample areas at a

magnification of 430 power. A minimum of 200 particles were examined from
each slide. Results of these counts indicated that for all three
concentrations, 85 percent of the total number of particles had a diameter of
1.0 micron or less. The mass median diameter of the aerosol as determined by
a Unico cascade impactor was 5.1 microns. Six-liter air samples were drawn
through the five stages of the impactor at a flow rate of 12.0 liters/min.
The glass slides from each stage were then analyzed for Permethrin by gas
chromatography.

j. Histopathology.

(1) Rats. At the conclusion of the 90-day exposures, half of the
rats were submitted for necropsy. Examination of the tissues by light
microscopy indicated that no compound related lesions were observed. These
data are found in Appendix B. The remaining rats were held for an additional
90 days and then submitted for necropsy. No compound related lesions were
observed in this group and these data are found in Appendix C.

(2) Gui-nea Pigs. All guinea pigs were submitted for necropsy at the
conclusion of the 90-day exposure. No exposure related lesions were
observed. Results are shown in Appendix D.

(3) Dogs. Exposure related "lesions were not observed in male or
female beagle dogs necropsied immediately after exposure. Results are shown
in Appendix E.

7. DISCUSSION.

a. This 13-week inhalation exposure to Permethrin resulted in only
slight toxicity at the highest concentration tested and essentially no toxic

Teflon& is a registered trademark of E. I. du Pont De Nemours & Co., Inc.,

Wilmington, DE.
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reactions were seen at the two lower concentration levels. The rats appeared
to be the most §usceptible species as they exhibited tremors and convulsions
at the 500 mg/iW concentration whereas the dogs and guinea pigs showed no
toxic signs at any of the concentration levels tested. A marked adaptation
to the compound appears to be possible in rats as seen in the rapid
disappearance of toxic signs and with no signs being detected after the
second week of-exposure. Both prior work and this study have shown that this
compound is an inducer of hepatic enzymes and as such can probahly be handled
by the liver with greater efficienry after an initial induction period. Both
functional and histological data showed no direct effect on the pulmonary
system and oxygen consumptiorn was unaltered. Irritation of the eyes arid
mucous membragres.was not seen in this study and the prolonged exposure to
this material did not produce ý sensitization reaction. Body w"4ghts andR. organ-to-body weight ratios were unaffected. Clinical chemi.' es and
henatology were all within normal limits.

b. The studies done in this lahoratory showed that large doses oa the
test compound are required to cause toxic responses in anim~is. Biochemical
studies done by this laboratory and othvrs irdicated that tne material is
rapidly metabolized and excreted.

8. CONCLUSION. It is concluded that technical grade SBP 1513 (Permethrin)
does rt present an acute toxic hczard to man from accident3l in;|alation or
ingestion, its use as a clothing impregnant should present no toxic hazard
to man under normal use conditions.

9. RECOMMENDATIONS. It is reconmnended that approval be giver, to the use of
the synthetic pyrethrold 3-(Phenoxyphenyl) methyl (+)-cis, trans-3-(2,2-
Dichl'oroetheryl)-2,2-dimethyicyclopropanecarboxyl ate (SBP 1513, Permethrin)
as a clothing impregnant or space repellent.

LEROY W@ METKLR
Phar••acologi st
Toxicclogy Division

K. CLARK SWENTZEL
Biologist
Toxicology Division

KtEN '5.AY R WKZ
SP5
Chemical Lab Specialist
Environmental Chemistry Division

APPROVED:

ARTHUR H. McCREESH, Ph.D.
Chief, Toxicology Division

., THEODORE W. DOLZINE
CPT, MSC
Chief, Environmental Chemistry

Division
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APPENDIX B

SUMMARY INCIDENCE TABLES 2
RATS

B-1



II

Necropsy Date: 31 Jul 78 to 1 Aug 78

Compound related lesions were not observed. The lymphoid
proliferation and pneumonitis observed in controls and all exposure
groups was considered an expression of Chronic Murine Pneumonia
that is endemic in most rat colonies. This degree of mycoplasmosis
did not compromise the evaluation by light-microscopy of possible
exposure related affects.

CONRAD R. POPE, DVM
LTC, VC
Chief, Pathology and Animal Care Branch
Toxicology Division

B-2
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SUMMARY INCIDENCE TABLE

FEMALES and MALES COMBINED

USAEHA
STUDY No. 75-51-0026-80
Pormethrin

SUBCHRONIC INHALATION
Permethrin CONTROLS HIGH MEDIUM LOW
Rats 0mg/m 3  500mg/m 3 250mg/m 3 125mg/m3
yecropsy date - 31 July 1978 to.uut1978

No. of Animals (20) (20) (18) (20)

BRAIN (No. Examined) (1l, (19) (16) (19)

BRAIN STEM (No. Examined) (19) (20) (16) (19)

NASAL TURBINATES (No. Examined) (20) (19) (16) (18)

TRACHEA (No. Examined) (9) (15) (10) (10)

Lymphoid proliferation a 13 9 7

LUNG (No. Examined) (19) (20) (17) (20)

Lymphoid proliferation 19 20 17 20

Pneumonitis, diffuse 3 4 2

Pneumonitis, focal 2 1 1

Chronic Murine Pneumonia 1 1 1

Macrophages, focal

Macrophages, multi-focal 1 1

EYES (No. Examined) (20) (20) (17) (20)

LIVER Nu, Examined) (20 (20) (17) - (20)

KIDNEY (No. Examined) (20) (20) (17) (19)

SCIATIC NERVE (No. Examined) (18) (17) (17) (20)

8-3



FF
SUMMARY INCIDENCE TABLE

MALES

USAEHA
STUDY NO. 75-51-0026-80
Permethrin

SUBCHRONIC AEROSOL INHALATION
Permethrin CONTROL HIGH MEDIUM LOW
Rats 0 mg/Vk3  500mq/M 3 250mg/r 3 125ng/m 3

Necropsy date - 1 Aug 78

No. of Animals (10) (10) (10) (10)

BRAIN (No. Examined) (8) (9) (8) (10)

BRAIN STEM (No. Examined) (.9) (10) (8) (9)

NASAL TURBINATES (No. Examined) ( 1 C) (10) (8) (9)

TRACHEA (No. Examined) (6) (7) (3) (5)

Lymphoid proliferation 5 6 3 5

LUNG (No. Examined) (10) (10) (9) (10) ___

Lymphoid proliferation A0 10 9 10

Pneumonitis, diffuse 3 4 2

Pneumonitis, focal 1

,Mhronic Murine Pneumonia 1

Macrophages, focal

Macrophages, multi-focal 1

EYES (No. Examined) (10) (10) (9) (10)

LIVER (No. Examined) (10) (10) (9) (10)

KIDNEY (No. Examined) (10) (10) (9) (9)

SCIATIC NERVE (No. Examined) (0) (8) (9) (10)

P_-4



SUMMARY INCIDENCE TABLE

FEMAIS

USAEHA
STUDY NO. 75-51-0026-80
PeŽrmethrin

SUBCHRONIC AEROSOL INHALATION
Permethrin CONTROLS HIGH 4DIU4 LOW
Rats 0mg/mr3  S00mg/Mr 25Omg/m 3 125mg/M 3

Necropsy date - 31 July 1978

No. of Animals (10) (10) (8) (10)

BRAIN (No. Examined) (10) (10) (8) C9)

BRAIN STEM (No. Examined) (10) (10) (8) (10)

NASAL TURBINATES (No. Examined) (10) (9) (8) (9)

TRACHEA (No. Examined) (3) (8) (7) (5)

Lymphoid proliferation 3 7 6 2

LUNG (No. Examined) (9) (10) (8) (10)

Lymphoid proliferation 9 10 8 10

Pneumonitis, diffuse

Pneiumonitis, focal 2 1

Chronic Murine Pneumonia 1 1 1

Macrophages, focal

Macrophages, multi-focal

EYES (No. Examined) (10) (10) (8) (10)

LIVER (No. Examined) (10) (10) (8) (10)

KIDNEY (No. Examined) (10) (10) (8) (10)

SCIATIC NERVE (No. Examined) (10) (9) (8) (10)

___ ___ _ ___ ___I ___ ___ __ ___ __
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APPENDIX C

SUMMARY INCIDENCE TABLES

RATS

90 DAY POST EXPOSURE

C-1



Necropsy Date: 2 Nov 78

COMMENTS:

Exposure related lesions were not recognized.

The respiratory lesions were an expression of endemic respiratory
tract mycoplasma infection. The lesions were not of sufficient severity
to compromise light-microscopic evaluation.

The kidney lesions were not considered compound related but an
expression of early spontaneous kidney disease common to the rat.

CONRAD R. POPE, DVM0
LTC, VC
Chief, Pathology and Animal Care Branch
Toxicology Division

**1

*1
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SUMMARY 1NCI DMNCE TABLE
i• , FEiMAI J:

-. I'Y NO. 75-51-0026-80

SIIUIWIIRONIC INHALATION
n'ethri n CONTROLS HIGH MEDIUM LOW

IRats Otig/m 3  
500mg/m3 250mg/m 3 

125mo/m 3

No'cropý;y date - 2 Nov 78

No. of Animals (10) (9) (10) (10)

BRAIN (No. Examined) (8) (9) (10) (10)

BRAIN STEM (No. Examined) (8) (9) (10) (10)

NASAL TURBINATES (No. Examined) (10) (9) (10) (10)

TRACHEA (No. Examined) (10) 9) (10) (10)

Lymphoid proliferation 10 8 8 10

Micro-abscess 1

.4)

LUNG (No. Examined) (10) (1) (10) (10)

Lymphoid proliferation 10 8 10 10

Pneumonitis, diffuse 2 2 2

Pneumonitis, focal 1 1

Chronic Murine Pneumonia 1

Macrophages, focal

Macrophages, multi-focal

EYES (No. Examined' (10) (8) (10) (10)

LIVER (No. Examined) (10) (9) (10) (10)

KIDNEY (No. Examined) (10) (10) (10) (10)

Nephrocalcinosis 1

SCIATIC NERVE (No. Examined) (10) (9) (0) (0)

C- 3 __



SUMMARY INCIDENCE TABLE

MIALES

L USA11A
STUDY NO. 75-51-0026-80
Pt'riit'thrin

SUBCIIRONIC INHAL.ATION11-
*).rmethrin , C-)NTRf)F.S HIGH MEDIUM LOW

Ra,, Omg/I 500mg/y, 250mg/m 3 125mg/m4

Vccropsy date - 1 Nov 70

No. of Animals (9) (8) (10) (10O

BRAIN (No. Examined) (9) (6) (7) (6)

BRAYN STEM (No. Examined) (9) (5) (5) (7)

NASAL TURIINATES (No. Examined) 8) 6) 8) 8)

TRACHEA (No. Examined) (2) (4) (5) (5)

Lymphoid proliferation 2 3 5 4

LUNG (No. Examined) (9) (8) (10) (10)

Lymphoid pzoliferation 9 a 9

Pneumonitis, diffuse 1 1 2

Pneumonitis, focal

Chronic Murine Pneumonia

Macrophages, focal 1 
J

Macrophages, multi-focal

EYES (No. Examined) (6) (8) ( 9) 8)

LIVER (No. Examined) (8) ( 9' (10) (9)

KIDNEY (No. Examined) (9) (8) (10) (9) _ _

Interstitial nephritis 2 1 1

SCIATIC NERVE (No. Examined) ( 0) C 0) (_0) (0) _

C-4



SUMMARY INCIDK'NCE TABLI

FEMALES and HALES. COMBINED

USA1IIA

STUDY NO. 75-51-0026-80
Pormothrin______

SUBCIIR)NIC INHALATION
Perrnthrin CONTROLS HIGH MEDIUM LOW
Rats 0mg/m 3  500mg/m 3 250mg/m 3 125mg/m3
Necropsy date 1-2 Nov 78

No. of Animals (19) _(17) (20) (20)

SBRAIN (No. Examined) (17) (15) (17) (16)

BRAIN STEM (No. Examined) (17) (14) (15) (17)

NASAL TURBINATES (No. Examined) (18) (15) (18) (18)

TRACHEA (No. Examined) (12) (13) (15) (15)

Lymphoid proliferation 12 11 13 14 q

Micro-abscess I

LUNG (No. Examined) (19) (16) (20) (20)

Lymphoid prolifrration 19 16 19 18

Pneumonitis, diffuse 3 2 3 2

.Pneumonitis, focal 1 1

Chronic Murine PneumoniA I

Macrophages, focal 1 1

Macrophages, multi-focal

EYES (No. Examined) (16) (16) (19) (18)

LIVER (No. Examined) (18) (18) (20) (19)

KIDNEY (No. Examined) (19) (18) (20) (19)

Nephrocalcinosis 1

Interstitial nephritis 2 1 1

SCIATIC NERVE (No. Examined) (10) (9) ( 0) (0)
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APPENDIX D

SUBCHRONIC INHALATION

GUINEA PIGS
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SUBCHRONIC INHALATION

GUINEA PIGS - Males

USAEHA
Study No. 75-51-0026-80
Permethrin

COMMENTS:

Exposure related lesions were not observed.

Low grade respiratory disease was present in both exposed and control
animals. The resultant lesions were not extensive or severe enough to
compromise light-microscopic evaluation of possible compound related
respiratory affects.

The interstitial nephritis was not considered to be compound related.
This lesion was not seen in control animals. The reasons that this
pathologist did not view this lesion as compound related were (1) there
was no dose response relationship among the three exposure groups (2)
there was no evidence of a toxic tubular nephrosis (3) interstitial
nephritis of this type and degree are not infrequently seen spontaneously
in guinea pigs.

CONRAD R. POPEV
LTC, VC
Chief, Pathology and Animal Care Branch
Toxicology Division
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SUMMARY INCIDENCE TABLE - Guinea Pig-Males

SUBCHRONIC INHALATION TOXICITY

USAE11A
STUDY No. 75-51-0026-80
Permethrin

CONTROL 500 250 125
mg/m 3  mg/m 3  mg/m3

_ _ _ _-i_ 
-oEaiBrain (No. Examined) (8) (9) (10) (8)

Eye (No. Examined) (7) (9) (10) (8)1

Nasal Turbinates (No. Examined) (2) (9) (9) (8)

Purulent rhinitis 
_

Trachea (8) (9) (10) (8)

Lymphoid proliferation 2

Lung (No. Examined) (8) (9) (10) (8)

Lymphoid proliferation 8 9 10 8

Interstitial pneumonia 6 9 10 8

Mucopurulent bronchiolar

Olug 1

Liver (No. Examined) (8) (9) (10) (8)

Kidney (No. Examined) (8) (9) (9) (8)

Nephrocalcinosis 2 6 2

Interstitial nephritis 2 4 6
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SUBCHRONIC INHALATION

DOGS

USAEHA
Study No. 75-51-0026-80
Permethrin

COMMENTS:

Exposure related lesions were not observed in female or male Beagle
dogs.

The pneumonitis and pneumonia that were observed microscopically in
both control and exposed animals was subclinical. The microscopic findings
gave eviderce that both male and female dogs had chronic subclinical
respiratory disease.

It is this pathogist's opinion that the respiratory disease that was
present did not prevent meaningful light.microscopic evaluation of possible
compound related respiratory affects.

CONRAD R. POPE, DVM
LTC, VC
Chief, Pathology and Animal Care Branch
Toxicology Division
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SUMMARY INCIDENCE TABLE - Dogs-Male

SUBCHRONIC INHALATION

USAEHA

STUDY NO. 75-51-0026-80
Permethrin

CONTROL 500 250 125
mg/m 3  mg/m 3  mg/m3

Brain (No. Examined) (2) (2) (2) (2)

Eye (No. Examined) (2) (2) (2) (2) ]

Nasal Turbinates (No. Examined) (2) t (2) (2) (2)

a ( . Ed ., ( ) ( ) (
Trachea (No. Examined) (2) (2) (2) (2)

Lung (No. Examined) (2) (2) (2) (2)

Pneumonitis 2 2 2 2

Pneumonitis with

epithelialization 1 -

Purogranulomatcu,

pneumonia 1

Granulomatous pneumonia J

Bronhopneumonia 1

Liver (No. Exanmined) (2) (2) (2) (2;

Kidney (No. Examined) (2) (2) (2) (2)
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SUMMARY INCIDENCE TABLE - Dogs-,Female

SUBCHRONIC INHALATION

USAEHA
STUDY NO. 75-51-0026-80
Permethrin

CONTROL 500 250 125
mq/m 3  mg/m 3  mg/m3

Brain , .. Ed () (

BraE n (No. Examined) (2) (2) (2) (2)

Eye (No. Examined) (2) (2) (2) (2)

Nasal Turbinates (No. Examined) (1) (2) (2) (1)

Trachea (No. Examined) (2) (2) (2) (2)

Lung (No. Examined) (2) (2) (2) (2)

Pneumonitis 1 1 1 1

Pneumonitis with

epithelialization 1

Purogranulomatous pneumonia 1

Granulomatous pneumonia 1 2 1

Liver (No. Examined) (2) (2) (2) (2)

Kidney (No. Examined) (2) (2) (2) (2)

Interstitial nephritis 1
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